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g™ What is IMPRINT?

(Improved Performance Research Integration Tool)

¢ Army-developed soldier-system analysis tool

— For predicting the effects of manpower,
personnel, & training (MPT) on system
effectiveness

— Using or adapting best available methods
— And best available data

— For diverse users - analysts & researchers
— To support design, acquisition,

& assessment today 000 B
i — %




What Does IMPRINT Do?

It helps you...

+ Set realistic system requirements

+ ldentify future manpower & personnel constraints
+ Evaluate operator & crew workload

+ Test alternate system-crew function allocations

¢ Assess required maintenance manhours

¢ Assess performance under extreme conditions

+ Examine performance as a function of personnel
characteristics, training frequency & recency

¢ eftc.



™ How Does IMPRINT Do It?

¢ Stochastic task network modeling
— Build your own mission model

time, accuracy, task type, failure... ﬂ—.—.—.
.o

— Parameterize maintenance model
MTTR, MOUBF, combat damage, rounds fired...

¢ Workload modeling: VACP & Advanced

¢ Performance shaping functions & stressors
¢ Manpower projection

& Access data libraries: System & soldier data
¢ Force-level roll-up




IMPRINT Architecture
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IMPRINT:
Evolution & Revolution.

Concept Paper

Navy HARDMAN
(Hardware vs. Manpower)

Automated process

Army HARDMAN li
- Mini-computer -

MPT link to performance Army HARDMAN lil

Integrated analysis environment |IMPRINT &
- Windows - WinCrew
Goal Oriented Behaviors & IMPRINT 6

HLA Compliance
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IMPRINT Web Page

IMPRINT

Improved Performance Research Integration Tool

Yersion 6 now available!

e
Links to other sites: What is IMPRINT?
IMEREINT, developed by the Human Research & Engineering
gRL Home Page Directorate of the U S, Army Research Laboratory, is a stochastic
ept of the Army

network maodeling tool designed to help assess the interaction of

w—i.ncrw. soldier and system performance throughout the system lifecycle—from
Micro Saint : : ]

e concept and design through field testing and system upgrades.
IPME IMFRINT is the integrated, VWindows follow-on to the Hardware ws.
MATRIS Manpaower Il (HARDMAM I} suite of nine separate tools. HARDMARN

http://Iwww.arl.army.mil/ARL-Directorates/HRED/imb/imprint/imprint.htm
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Validation & Accreditation

¢ Per AR 5-11, Army Model and Simulation
Management Program

¢ Accreditation Board

— ADCSPER, Chair & Members representing policy,
users, testers, materiel developers, decision makers

+ Effort completed 2QF 95 -
— Define Mission, VACP, PTS

¢ IMPRINT is a tool for building models & includes
embedded models!

¢ VV&A may be required for user-developed models

9



Extra Benefits of Doing V&V

¢ o

* & o o

4

It's a great way to debug software

It drives you to document model
assumptions and limits

It goes hand in hand with configuration management
It helps build toward model standards, data sharing, etc.
It's a way to reduce system risk

If you do it right in the beginning, the “savings” are
realized throughout the life-cycle

It helps you develop rapport with the customer

It helps build credibility for human performance
modeling across the board!

10



Who Has IMPRINT?

¢ Army

+ Navy

¢ Air Force

¢ Other Government
¢ Contractors

+ University

77
13
3
2
33
12

® & 6 ¢ o o

¢ 195 and growing!
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E'™ IMPRINT: Some Applications

¢ Fox NBC Reconnais- > Reduced crew:

sance Vehicle workload & performance
+ Special Forces Joint > Reduced crew:

Base Station workload & skill
¢ Crusader > Crew size & CONOPS

¢ Job Consolidation for > Maintenance &
Army Ordnance MOSs availability; manning

¢ Air Warrior > Performance
degradation

12



12 Fox NBC Reconnaissance Vehicle

.
—
.

¢ Crew size reduced from 4 to 3
¢ Crew gender
¢ But design retained 4 stations

*

J%Ch
-
Predicted performance

improvement with simple design
change

0 Reduced workload
0 Shortened mission duration
0 Reduced soldier risk

Re-designed system validated with
minimum of testing

Performance now acceptable!

$2-4M saved in program costs
25% soldier costs over 20 year

lifecycle A
< g

{
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Joint Base Station

Overall Workload for Set Up
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P'S Adding automation
¢ New job specialty (MOS)
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¢ Check performance
with different soldier
Ski” Iev el S Operations Mission Error Rates

Em Mission Segmen s
¢ Either different MOS or increase training
¢ Recommend different MOS for automation equipment




Crusader -

Advanced Field Artillery System

Early Modeling Predictions

> 2-man crew: 6% more time,
80% more errors than 3-man crew

> Auto upload required

> 40% more errors after 48 hrs
even with 3-man crew

+ As design matures, re-examining issues
— crew size
— crew-equipment match
— extended operations

Modeling Predictions for Current

Design & Manning Decisions _Mission Capability

> Even with updated Day 1 B'ES&CFGW 2'”‘22 czreW

desgnss scena:i.o, 2-man Day 2 66% 29
crew: 8% more time Day 3 0% 0%

15



Modeling MOS Consolidation for
Unit Design

T ame

IMPRINT Models -
Baseline, System Tox~kix forward
Subsystem, & = Multiscapable mechanic

Multi-capable =T Maintenance enablers

LT

Designed & evaluated M

D
..'....-"

LD
e e e T S s e T A 4

early via task data; === USAOC&S Question:
org structures; Which consolidation concept
available manning, gives greatest OA with lowest cost?

skills & abilities;
system-mission
priorities




w| System
Per'formance Effec’rs

Task Name: |reesmsyviwre [Pilot)

Time Standard: ||]|];|]9;|]9

Task Information

Accuracy Standard: Il].l]l] Accuracy Measure: IPelcenl Steps Correct |$I

Criterion: Taszk must meet Time Standard AND Accuracy Standard |85.l]l] % of the time

Estimated Task Time:

Distribution: I Mormal .

Estimated T ask Accuracy:

Mean Time: ||]|]:[|4:3|] Time Standard Deviation: ||]|]:|]1:3|]
Micromodels. .. ! —

“ Probability of Success: ISB.I]I] 4

U mman Aovinaop [f R Aovimacy Slerabad Devistion % 858

“DK

Time&Acc {Failure » Workload ) Crew Assgn. ) Taxon (p,evinusl Mesxt > I -

Model Input

IMPRINT Modeling & Degraded
Performance Factors for Air Warrior

%/T

= Questionnaire

m\e\/ér

Mask Effects on Task Performance T




Overview of Analysis Steps &
IMPRINT Structure
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Steps in an IMPRINT Analysis

& The same steps as in any good analysis

o Define objectives
e Define the budget
© Design the study

o “Collect’ baseline
iInput data

e "Develop” the
task data

@ Build the model

@ Debug the model

© "Run” the study

o “Collect” output data
©® Analyze data

0 Present the results!
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"™ Help in Defining the Objectives

Tool

Improved Performance Research Integration
Tool (IMPRINT)

User’s Guide

Version 6.0

July 2002

US Army Research Laboratory
Human Research and Engineering Directorate

DRAFT

Table of Contents

Chapter 1 - Getting Started in PRI T . 1
Organization of this DoCUmEnt . e 1
Basic IMPREIMNT Infarmmiation e 2
Basic WWindows Informmation L 3

Chapter 2 S nstalling PRI T e 5]

Chapter 3 = I I R T g
I O I L g
FIlE MBI e g

D g
Bl e 10
D 11
D e 11
W S 12
I B 12
DIElEE RIS o e 12
P B g e e 12
IO ANAIY SIS 12
e AN SIS 12
Import Advanced WIS SN 12
Export Advanced MISSion e e 13

Impaort LS A File
Edit Menu

Systemn Mission
Egui_gment ..................................................................................................................

Ol T~ T S — 7
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Define Mission

Decompose Function & Task Networks

Input Standards

Input Task Time - Mean & Standard Deviation
Option: Input Task Accuracy

Other Options:

— mental workload
— Army Military Occupational Specialty assignment
— taxon descriptors to enable stressors & performance shaping
functions
¢ Execute Model & Task Data are Aggregated up to
Function- & Mission-level Estimates

® 6 6 o o

21



g/ M Define Equipment

¢ ldentify Subsystems & Components w/
Associated Data

— MOS, MTTR, MOUBF, tasks, maintenance level, etc.

+ Build Scenario with Usage Rates

— number of systems required for mission, shift length,
rounds, miles, hours operational, etc.

¢ System RAM & Manpower Ol
RAM
failures - DS
. . mainte- return to
mission nance mission
combat
damage GS
contact

team 22
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Define Soldiers ;

¢ Army Military
Occupational
Specialties

+ |dentified by job title

¢ Linked to descriptive
data

+ Capability to project
future manpower
levels

23



Define Force

¢ Army Force Structure information

¢ Army-wide roll-ups of single system
& unit analyses

24



Define Supply

¢ Fuel & ammunition information

¢ Calculates number of transporters &
the manpower required to support
scenarios created under Define
Equipment

25




Options ;

¢ Workload options
¢ Personnel characteristics
¢ Training

¢ Environmental stressors

— heat, cold, noise, protective clothing, hours
since last sleep

+ Accessing data in spreadsheet format

26



Loading the Software

27



System Requirements

Desired

¢ Pentium

¢ 64 MB RAM - Minimum

+ 100 MB disk space

¢ VGA

¢ Windows 95/98 or Windows NT/2000

+ Office for enhanced reporting & graphing

28



Installing IMPRINT

¢ Installs from CD to hard drive

¢ Installation procedure determine the
correct DLLs to install

¢ Default directory: CAIMPRINT

“% Install
29



Starting & Stopping Your Analysis



The IMPRINT Directory

= ——— = (Y MPRINT ==
¢ What's in it - Ope
— Executable files, & DLL files E Hac
: =T [
— IMPRINT database files
» “I|brary” files - stuff that “comes with” IMPRINT
» “user” files - your stuff 1 [ '
[mprint.cal
» “working” or “session” files - :mnr@n:-db
for the_open a}naIyS|s | & ;:pp:::__;;;
— Report files - linked to an analysis | [gmiee
H I f_ I :mprin:.mud
— Help Tiles R Iroprint. ot
— Documentation & Readme 1|
» Analysis Guide & User’s Guide B B ook

¢ What isn't: Your analysis by name! |[JRRE0EEE
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"M What Your Analysis Looks Like

¢ When you open IMPRINT, you will create a new

analysis
— Starting from scratch

— Or using a library system
Libraries are for reference or quick start
But you are not required to use them!

Open Existing Analysis

Existing Analysis List:

Create A Mew Analysis

Analysiz Name: ||

Analysiz Yersion: |

Selected System:

Analysis Name |

Analysis Yersion

| Date Last Modifi~

Usze Library Data.

> EI

LTV

1.0

10715 {1997 |
9711711997 |'J

test 1.0

RSCCE B1-A 1.0 9}26 711997 |

AAAY BCS V1.0 10 #1171 1997

AMAVISRE ¥1.12 TURR 10728 }1997 ‘
¢ Or open an Apache 1 -from | 121211997

]

Analysis Description:

existing one

orderly System Shutdown

System Startup to the point of sucessful telemetry processing. Perform

Y Create

. new analysis




J‘# IMPRINT Library (& New User Models)

Mission Area System Type System ¢ -
Air Defense Air Defense Mobile Gun M163 VULC
Air Defense HIMAD Patriot FP
Air Defense Man-port Air Defense Sys STINGER
Aviation Attack Helicopter AH-64A
Plus new Aviation Cargo Helicopter CH-47D
NS Aviation Scout Helicopter OH-58D
Aviation Utility Helicopter UH-60A
developed Close Combat Heavy  Cavalry Fighting Vehicle M3 BRADLEY
models for Close Combat Heavy Tank M1 ABRAMS
. Close Combat Light Anti-tank Vehicle M901 ITV
Close Combat Light Automatic Weapon M249 SAW
Close Combat Light Grenade Launcher M203
\ Close Combat Light Infantry Fighting Vehicle = M2 BRADLEY
Fox \ Close Combat Light Man-port. Anti-tank Wp DRAGON
Comanche Close Combat Light Man-port Indirect Fire Wp M252 81MM OK
Close Combat Light Rifle M16A1
léigg:::: Combat Service Support Heavy Truck M977 HEMTT
Combat Service Support Light Truck M998 HMMWV Cancel
JBS Fire Support Med Range Missile Artill'y LANCE
HMD Fire Support Rocket Field Artill'y System MLRS 2
| - Fire Support Self-propelled Howitzer M109A2 HOW
\Ifire Supp}tx/ Towed Howitzer M102 HOW 4
[« _—
pd

33

Embedded data inclydﬁ: task network, task times, workload, repair & failure times, soldier skill etc.
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Navigating within IMPRINT

¢ Windows “standards” (to the extent possible)
— OK goes back one and saves
— Cancel also goes back one & does not save
— Other buttons advance

¢ Deeply embedded windows
— Navigate from top > down
— At embedded levels, also navigate sideways

¢ Multiple ways to access data
— Lists, graphics, spreadsheets

34



Saving Your Analysis

‘ Save early, Save Often* Eu:lit Define  Optionz  Egecute  Beports

*from the top-most window e
Close F/]IMPRINT v5.09h - Analysis: Stinger Vel

¢ Save again as you exit EE

Save bz,

WelEte,..
Delete B

‘ SaVi n g yo u r a n a I ySi /j[int e AIMPRINT v509h - Analysis: Stinger Version:

Impart.-’-‘-.nalysis.. File Edit Define Options Execute Heports  Adjust

Erpotifnalyse, Hew.

¢ Saving your network el
. . T E =pork .":".d‘\.-'a:iﬂ Full permanent S ave [hebwork plus data)
d I a g ra m & I n fo rm atl O n Import LS File. E.i:;:t-:r!'f'lanent Save & [network plus data)

Lelete Hesults..
1 Stinger/14 Sg
2 Tnal - One Fur
3 Cell Phone - &

Fiint Setup...

|npert Analusis.

] ) ErportSnalysis,
4 Diane's Analys —
y Inpert Advanced fissian.
E st Erport Sdvateed fission,. .

S a Ve Import LS4 File...
A Tl = e Fum et e o 2000
. 2el| Bhone - ddyid] Sep il
Sl aneE Anales2lSeE
‘ e I I I I n e rS a re Menrsader2atidZsep
Exit Alt+Fd

legitimate! N




Sharing Your Analysis
Using Import & Export

+To Import - D S 57 /) 212| S FILEE

Edit Define  Options Ewecute Beports  Adjust Window  Help

A
New...
— Close the open analysis Opn.
[Claze - =
— Select ulmportu gmﬂ IrtIHPINTAnaI}ms... - HE
— Browse until you find = E T = |
the one you’re IOOking for ll 001 imp %ﬁﬁz:?g - =
— To access the analysis, 0 e
you must then open it e =
; List files of type: Drives:
‘TO EXport - ZEDrtLSAFIle"' — [IMPRINT T Cing) 7] [Se:dives B

— Close your analysis if you have one open
— Select Export option

— Create export file using Windows naming conventions JEj Will start
— On hard drive or on disk

— File name does not have to = analysis name

by importing

*Special Case for Import & Export of Advanced Missions to Other Tools--i.e., WinCrew

In IMPRINT, it’s an analysis. Out of IMPRINT, it’s a .imp file.



IMPRINT Menus
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Maintenance Model Reporls [ Maintenance Summary [CIoI=]

IMPRINT Reports

Scenario: | Ten Daps of Missions

Ten Days of Missions

Scenario i

Select the reports you wish to view:

Maintenance Summary
Daily Maintenance
Reliability and Availability

Average Mamtenance Per Operatng Hour

g::ﬁ';’;i';ﬁi:,“ L.Ffui3 [ Mizsion Performance =13
[ Daily Maintenance S [=] E3 Il - d
S Mission 56 Fly from Landing Zone {LZ) to Pickup Zone {PZ)
Day Preventive Corrective Ma ta e X
1 2591 121 ln ln r Nutnber of Times Performed: 10
Standard Tlinirom M asmum Mean Standard Deviation | % Met | _|
Time <= 00:42:00 00:29:05 00:30:33 00:22:40 00:00:26 100.00
5 14.30 12 Availability Summary lbccuracy: L= ————
_____________________________ % Task Performance M=
- s 02 werage Inherent Avalldbilty J::DUL:I. TIs  OUES N1 TLEEL LUE PETLUIIIENCE CIILETIUIL UL 50070, 7y
7% i werage Achieved Avalalty Tlizsion Time
B A iAEs T s dins ) . )
a1 B P P e Pt CEEPb it RESULT: Tt Function: 9 Initiate Level Flight (LZ - PZ]
B Mai Hit Matri ul
4] E “'"'““ LS -] Eﬁ | Task 2 Adjust Power
—— Task Hae = O e.r t r [Dperator Mame: Pilot
p y a o Mumber of times performed: 10 |
Standard | Minimum | Wasmum Iean | Std. Dew. | %% Met
T [Tine <= oo0004 [ ooooor | ooooor [ ooooor | oooo:oo [ o000 =
" [ Adjust & Fepai : E Operator Workload Hi=E3
Ferave & Hevlas B ORG [ T ETTH 3[ TGN i ! . ] . ] . -
B AFQT e — il Bl LI. Operator Time (Min) Wisual Anditory Cognitive Psychomotor MNumber [
= E Pilot 0.000 1.00 1.00 4.70 0.00 2.00 j_
I u I1IA 1B v Total e e Rt ittty Il iyl Bty Ity -
El-E3 1000 3400 B0 2400 500 2500 =) Rt 1. 0.o20 | _ 100 | . oo 470 [ LALL I 2 _-D_D_______I
E4 16.00 19000 14200 97.00 2600 477.00 Pilot 0.030 1.00 5.90 10.00 0.00 3.00
MOS: ES 400 11000 7100 7100 19.00 275.00 [T A poso [T Tion T sop” T Tiooom [T R o0 |
67R. E6 500 9700 3 PP A T R e R L LY -
Er 500 20 S L U I 430 1. 30 L . Loo |
£~ o0 e B L 920 | 1080 | . aa | 200 |
ol P s BN N T L L 220 ] 300 ]
1+ S am ] 430 __J i o 220 | : 200 |
L I 0.120 4.00 4.30 12.10 2.20 2.00
El-E2 3300 13300 3 \ i [ ot Y- faluiel atlutal- Sy ulii Inlatied Pyt fou-T =Tl Walnininie four-T-Talninis Rl wan T
E4 10.00 R, 25 1
MOS: ES 500 Tam 2
733 E6 100 . E o
[l ¥ Reading Grade Level Workloa d
- E
. Tnial _ 2 15 1
E4
L v [ m 0}
—— sm E6 -
P E7 5 | —"isual
ersontel '. —— Audtory
0 ) -
- B Es VB3RS 23S YR e Cognitive
Char. risticS ° ==~ " “mmit "
A Time in Minutes
- 6 064 1664 16.42 an 71 159 600




Define Mission
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Define Mission Answers...

+ How long will it take to perform my tasks?
¢ How much workload will be created?
+ What is the probability of success?

¢ How should tasks be allocated across
crewmembers and to automation?

40
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Define Mission Inputs

¢ Mission level

— time standard

— time criterion

— accuracy criterion
— mission criterion

¢ Function level
— time standard
— time criterion

¢ Branching logic
— serial
— multiple
— repeating
— probabilistic

¢ Task level
— time standard
— accuracy standard
— criterion
— time estimate
— accuracy estimate

— consequences of
failure

— workload
— taxons
— crew assignments

41



Define Mission Process

Identify Mission Name

:,> Time and Accuracy Standards

Mission Performance Criteria
Build Function Names
Task ::> Task Names
Network Branching Logic
Enter Time & Accuracy Standards & Estimates
Task Operator Assignments
Data T\ N\a‘\\J Workload, Taxons
S_et e\ Characteristics, Training, & Stressors
Option Workload Thresholds

Run

Time Performance

View ::> Accuracy Performance
Reports Workload




Task Network Hierarchy

Options in VACP i

| System

Option 1 ..
Mission 1

I A

\ 4
[Function 1 >[Function 2]—

Y )
Ay ru P e .

Mission - Function - Task

[Mission 2]

| Option 3
v [Mission n]

[Function 1

I ! |
[Function 2J Qm} @ @

A

@ @ — Tasks at top level

Mission - Functions - Subfunctions - Tasks
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Define Mission

+ Micro Saint-based modeling tool

¢ Designed specifically for human
operators of systems

+ Evaluate system performance time
and/or accuracy

+ Has workload computations built-in
— VACP or Wickens’ MRT (Multiple Resource Theory)

¢ Has data collection built-in

44
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Task Network Toolbar

R | 4[] m| @7+ |9 ST,/ [EE]E|

Select | Down || Path || Unde | Funstion] Tazk f Mear | Far Cut | Copy | Paste | Clear |0 Print

' shows page

selects a node ‘ zooms in layout

displays next
level down

prints the
diagram

‘ zooms out

\ cuts a node
(can paste)

draws a path ‘

erases a path ‘ copies a node

places a { 104
function node pastes a node

places a task clears a node
node (can’t paste)

45



Enter Task Data

¢ Time
— Standard
— Mean & Standard Deviation
— Micromodels

¢ Accuracy
— Standard
— Probability of Success
— Mean & Standard Deviation
— Consequences of Failure

¢ Operator assignments
+ Workload

¢ laxons

46



Assign Operators to Tasks

¢ Primary

— Performs task
regardless of current
workload

¢ Secondary (Optional)

— Has requisite skills
and training

— Used to recommend
task reallocations

47



Run Model ;

Execute Operations Model E

Mizsion: [Crusader Final working copy - 2 man crew | | Bun Model

Number of times to run the mission: |1 |

Random Humber Seed: |5 |

1
I [=] E3

{~ Micro Saint
File Edit Display Egecute Help

| Adijustments Up | Go to | Down| Network: 0 IMPRINT

| Perfect Accuracy FTTT (=

MNetwork
2 11
Eaxecute Fejoin ]
rrove node 1 1

Undo Path =

Flan rmowe

Start Joh from

Task

Queue

Path

Zoom In

Zoom Back




Qutputs of Define Mission

¢ Mission Performance

— Predicted time & success -
rate [//M«// /T
¢ Function Performance I
_ _ REPORTS

— Predicted time
¢ Task Performance l

— Predicted time & accuracy
+ (And others you will see

Iater) ‘/@Practical

Exercise




VACP Workload Method ;

¢ Describes effort needed to perform task

+ Helps identify peaks throughout the mission
¢ AKA “McCracken-Aldrich”

¢ Four independent channels

¢ Option to combine into “Overall” channel

¢ Does not dynamically impact performance

¢ “Adjust” feature helps evaluate high workload
& reallocation of tasks to secondary operator

50



Mental Workload

.. Which Brain
Mission Tasks -P RESOUrCes -» Degree of Resource Use?

Involved?
. Visual
. monitor »| Vi
Visual Auditory
alarms
Psychomotor
2. decide
e Cognitive
response > Cognitive - 9
action 0.0 - No Cognitive Activity
1.0 - Automatic (simple association)
1.2 - Alternative Selection
3. pull triqaer . 3.7 - Sign/Signal Recognition
P 99 AUd Itory 4.6 - Evaluation/Judgment (consider
single aspect)
5.3 - Encoding/Decoding, Recall
— 6.8 - Evaluation/Judgment (consider
several aspects)
PSyChomOtor | 7.0 - Estimation, Calculation,
Conversion
n. taskn

51



Assign Workload

Visual

0.00 No Visual Activity

1.00 Visually Register/Detect (detect image)
3.70 Visually Discriminate (detect visual differences)
4.00 Visually Inspect/Check (static inspection)

5.00 Visually Locate/Align (selective orientation)
5.40 Visually Track/Follow (maintain orientation)
5.90 Visually Read (symbol)

7.00 Visually Scan/Search/Monitor(continuous)

Auditory

0.00 No Auditory Activity

1.00 Detect/Register Sound

2.00 Orient to Sound (general orientation)

4.20 Orient to Sound (selective orientation)

4.30 Verify Auditory Feedback

4.90 Interpret Semantic Content (speech)

6.60 Discriminate Sound Characteristics

7.00 Interpret Sound Patterns (pulse rate, etc.) )



Assign Workload

Cognitive
0.00 No Cognitive Activity

1.00 Automatic (simple association)

1.20 Alternative Selection

3.70 Sign/Signal Recognition

4.60 Evaluation/Judgment (consider single aspect)
5.30 Encoding/Decoding, Recall

6.80 Evaluation/Judgment (consider several aspects)
7.00 Estimation, Calculation, Conversion

Psychomotor
0.00 No Psychomotor Activity

1.00 Speech

2.20 Discrete Actuation (button, toggle, trigger)
2.60 Continuous Adjustive (flight or sensor control)
4.60 Manipulative

5.80 Discrete Adjustive (rotary, thumbwheel, lever)
6.50 Symbolic Production (writing)

7.00 Serial Discrete Manipulation (keyboard entries)



“High Workload” and

Reallocation

¢ Under “Options,” define up to 5 high workload thresholds
¢ \When model runs, points where one or more thresholds are

exceeded will be reported

+ Under “Adjust,” workload overload points can be reviewed,

M JIMPRINT v5.12d - Analysis: HMMWY Route Reconl Yersion: 4-14-00 Mission: Routd
and aSSIQned to a File Edit Define Options Execute Bepors Adjust Window Help
: T8 #FElEs] el 2 |
secondary operator if igh workLoad
deSired Mission Name:  [Route Recononnaussance |
Workload Channel
¢ Then re-run model to | Visual V) > Jano
_ | Auditory (A) > |anp
re'CheCk Workload | Cognitive (C) ¢ %AND Add To Threshold List |
_ | Psychomotor [P] > AND
(Be sure to save your original S ::::ﬁ
. ongoing Tazks [M]
model before reallocating)
(And remember, workload B e O L
does not dynamically unzl : Coa | | Wcarca
o Clea
affect performance here) i = (2w




Analyze Results

Workload

Workload vs. Time

-=— Visual

—— Auditory

—— Cognitive
——=Psychomotor

» Graphical report
« And workload by
e channel
* operator
« & “overload”

J@Practical

Exercise




Define Mission
Advanced Workload

56



ARL HRED
Workload Modeling Tools

HARDMAN 111,

MAN-SEVAL
ten IMPRINT m
years

\ / WinCrew,
) commercial
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IMPRINT Workload

Approaches
¢ VACP ¢ Advanced
— ldentify peaks thru-out — Create > 4 resources
mission — Link to controls and
— AKA “McCracken-Aldrich” displays
— Four independent — Considers inter-
channels channel conflict
— Option to combine into — Dynamically affects
“Overall” channel system performance
— Does not dynamically » Task flow, allocation,
performance

impact performance



When to Use Advanced? ;

¢ Use VACP when... ¢ Use Advanced when...
— Early in process — Want to examine tasks
— ldentifying peaks is very closely
enough — Care about workload
— Controls and management
interfaces are TBD — Want to consider conflict
— Need results quickly — Workspace design has

identifiable alternatives

— Have time to spend on
detailed assessment

By the way, you can use your VACP network model for Advanced -

& vice versa - with just a few constraints...



Advanced Workload
Coping Behaviors

Interaction of Human Performance and Workload Estimation Algorithms

Workload Estimation Algorithms

Compute Yes
Beginning|—>»<_ Acceptable
Workload ?

No

' Yes Yes
Schedule Execute
] nth Task E Task —)'? Performance >=¥
No P

Human Performance ']*

Simulation
No
Select . : 1
Modify Modify
oag | >Tmeana > Task > Reocate
9 Accuracy Schedule
Strategy

60
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Define Mission Process -
Advanced

i Mission Name
:\‘;:?nt_'fy ::> Time and Accuracy Standards
ISsion Performance Criteria

Build
Task
Network

Enter
Task

Data Release Conditions, Beg & End Effects

Set
Options Resources, Interfaces, Conflict

Matrix, Management Strategies

Run

Model
View
Reports Workload, Overload, Conflict



Task Network Hierarchy
Options in Advanced

| System |

Option 1 ..
Mission 1

I A

\ 4
[Function 1 >[Function 2]—

*
Jask D—+Task 2—*>Jask p—

Mission - Function - Task




External Events

¢ Expressions that are inserted into model
execution at selected clock times

¢ Can be used to cause task execution

¢ Used commonly to
— Establish initial conditions of the system
— Insert system changes (e.g., arrival rates)
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Task Effects

¢ Beginning effects

— What happens to variable
values as a result of a task

beginning to execute

¢ €.9g., resources are used, counters
are incremented

¢ Ending effects

— What happens to variable
values as a result of a task

completing execution

¢ €.g., resources are free, counters
are decremented 64



Release Conditions

+ Allows task to execute

¢ Establishes rules for task execution
¢ Can include multiple conditions

+ Typically involves logical expressions

-

)
65



Advanced Workload Details

¢ Expressions must be used to control
rejoining paths
— Placed in Release Conditions, Beginning
Effects, and Ending Effects
— Use variables

— Have syntax rules

66



Advanced Workload Details

¢ Variables

¢ Mathematical and Logical Expressions
¢ Beginning Effects

+ Ending Effects

+ Release Conditions

+ Data Collection

Reference Information .



s /™ Variables

¢ Most variables are defined by the user
to represent conditions or parameters

— Examples
» Resource availability
» Entity status

¢ Variable values can affect model
execution

¢ Variable values are data to be collected

68



Variable Types

+ Real
¢ Integer

¢ Arrays
— Integer or real
—1, 2, or 3 dimensions
— Indexed by a variable during a simulation

— Think of them as tables with as many
columns as you need

Reference Information o0



Arrays of Variables

¢ Often, we will want to store the same
type of parameter values many times

— Most common example is parameters
regarding entities that flow through the
system such as

» When did it arrive
» What kind is it

¢ In this situation use arrays
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System Variables

¢ tag

— A magical variable that keeps track of the
number of the entity being acted on by any event
at any time

— Once you assign a value, it gets carried through
— Each entity needs to have a unique tag number

— Used primarily for referencing arrays that define
attributes of entities

71



System Variables

+ clock
— The current simulation time
— Starts at zero
— No expected resemblance to “real time”

¢ run

— When you have multiple runs of the network, this
tells you which run you're in

— Can be used to change conditions across runs

Reference Information -



g/ M Expressions

¢ Expressions are used to initially set or
change variable values in Micro Saint &
WinCrew models
— Examples
» To set and change resource availability
» To set and change entity states
¢ Two general types - mathematical and
logical expressions

73



Mathematical Expressions

¢ Operators

( ) grouped operations
A exponentiation

* multiplication

/ division

% remainder division
+ addition

- subtraction

Reference Information
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g M Advanced Expressions

¢ Logical operators

> greater than

< less than

>= greater than or equal to

<= |ess than or equal to

<> not equal to

|  logical or

& logical and

= = equal to (e.g., if a== b then... )
. = assignment
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Advanced Expressions

¢ Logical statements

If
then
else
if a>b then time:=5 else time :=7;
while ... do
while i < 5 do type]i] := 1, i++;

Reference Information
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Advanced Expressions

¢ Adjustment operators

4

/

= Increment by adding
ncrement by subtracting
= Increment by dividing

= Increment by multiplying

Reference Information
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Advanced Expressions

¢ Separators

end of expression
e.g., a=1,

y Separates assignments within expressions

e.g., if a<1 then b:=5, c :=6 else b:=4,
C:=2;

Reference Information
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Snapshots of Execution

+ Used to collect data during a model run

¢ Each snapshot defines variables to be
stored during execution

+ Data collection can be triggered on
— Task execution
— Entities going into or departing from

queues

— Clock time
— End of the run
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g/ M Assign Operators to Tasks

¢ Characteristics
— Automation, aptitude, experience, fatigue

¢ Primary (one only)
— Performs task unless in overload
+ Contingency (<=95)
— Has requisite skills and training
— Used to implement management strategies

80



Advanced Workload
Management i

¢ User-defined workload threshold values

¢ Management of tasks over threshold
— A No effect
— B New task doesn’t begin
— C New task performed in serial
— D Drop current task
— E Hand-off new task
— F Hand-off old task

81



Advanced Workload Variables

¢ Used to create advanced workload
strategies

¢ Used in if...then.. statements
— P task priority value
— H highest priority of ongoing tasks
— T Total workload for op if new task added
— S this operator’'s workload threshold

if P>H then F
“If new task’s priority is greater than ongoing task’s priority,

then reallocate the ongoing task to a contingency operator”




Define Resources and
Interfaces

‘ Be prudent!



Aggregate Workload

ADVANCED WORKLOAD CALCULATION:
Wi = Wgrp + (Wyyee + Weee)

Where:
W; = Instantaneous Workload at Time T

Wq.p, = Workload attributable to the demands of all operator’s
tasks at time T (Single Task Demands)

W,ycc = Workload attributable to Within-Channel Conflicts
(Within and between tasks)

W;.c = Workload attributable to Between-Channel Conflicts

(Between tasks only; within tasks may see improved performance
“S_C_R”)

* Adapted from W/Index North & Riley, 1988 84



Assign STD’s

¢ Build Rl pairs and assign to tasks
+ Slight differences from VACP scales
+ Modified by Chris Wickens

¢ Pop-up scales accessed by double-
clicking the cell
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Assign Conflicts

¢ BIG contributor to workload score

¢ Matrix of channels X channels, upper
diagonal

¢ Cell values range from 0.00 -1.00

+ Double click on row header provides
“expert guidance™ and default values

86



;;..;,ﬁ;‘ Advanced Workload Method

¢ Describes effort needed to perform task

¢ To help examine impact of workload during
mission

¢ Results are combined across channels into one
score

¢ Results consider inter- & intra-channel conflict

¢ Does dynamically impact performance

[T —\
~ i
% Time, Accuracy, Crew Allocation, Sequence %
7 X 87

- —



Run Advanced Model

— = _
—J E xecute Operations Model

Mission: [Monitor and evaluate impact of intel threat information | | Run Model
Mumber of times to run the mizzion: |
Snapshots

Random Humber Seed: |

I =] E3
| Animation | Aptitude Moderator V Ok

| Experience Moderator work: 0 IMPRINT
annn::eI

| Workload Moderator

| Fatigue Moderator

Queue - = T1
Tk Exrecute Fejoin ]

Path rmoTe node 1 1

Undo Path =
Flan mowe
Start .Job from
Zoom In
Zoom Back Process

SITEER




. Unique Outputs of Advanced

Workload i

¢ Critical Path
¢ Operator Activity

¢ Operator Workload ' //, .
¢ Overload B
¢ Channel Conflict REPORTS
¢ Task Timeline _‘
¢ CrewStation

Workload

¢ User Snapshot

89



Analyze Results

Workload vs. Time

@ Navigator
Hl CoPilot
M Pilot

Workload

Time
%Practical

Exercise




Define Soldiers

91



Define Soldiers Analyses

> Stand Alone

> QOperators In
Define Mission

> Maintainers in
Define Equipment

> MOSs in
Define Force

Personnel

i 2
Characteristics

92



Define Soldiers

¢ Add or Delete MOSs

¢ Run Projection Model

— Optional, but required to look at
Personnel Reports

¢ Adjust Projection Model Parameters
— Optional

93



Add or Delete MOSs

¢ Operators and
Maintainers

¢ ‘Dummy” MOS's
(for Civilians or

Contractors) &
Officers

¢ Personnel
Characteristics
Data for MOSs

94



Run Projection Model

Select ending ye>

Run model >

* optional step %




Projection Model

Current
Subpopulation
Characteristic
Distributions

Historical
Transition
Rates

: : Application Projected
Estimated Personnel Projected - MOS
Distributi Flow Distributions Characteristicl \ Characteristic

SHIDHHOD Model Distributions | \Distributions




Subpopulations

By MOS and Grade

\Y/
non-HSG

a X Female X HSG

, A
NEaCh subpopulation is flowed separatelyw /\(




Projection Model Data

+ Historical accessions

¢ Promotion rates

¢ Separation rates

¢ Migration in & out rates
¢ Current inventory

98



Adjust Endstrength

¢ Adjustments for “downsizing”
¢ “Cookie cutter” approach

99



Use Army Library Data

¢ MOS data for 22 MARC Maint.
historical systems Database

¢ Operators and
maintainers

¢ Associated
personnel
characteristic Enlisted Master
data File

100



Define Soldiers Reports

MOS5:

Projection Report Critena

Test Score Cat Gender
v v Male
v v/ Female
v llla
v lllb Reported Year:
ViV 1997 [%
Education

| Report.._.

v High School Graduate

v/ Hon-High School Graduate

| Printer Setup._.
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M Define Soldiers Reports (cont)

Personnel Characteriztics Report Criteria

MOS5:

Test Score Cat Gender
v 1 v| Male
2l || +| Female
v lla
v| llib Reported Year:
vl v 1997 [4]
Education

Print Report

Read Grade LE?E‘

Weight Lift |

PULHES [Eyes) |

ASVAR |

+| High School Graduate

v'| HNon-High School Graduate

| Printer Setup._. I
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"¢ IMPRINT v3

File Edit Diefin
HEW ﬁ% Eﬁ:
D: = |El:

-

Target Audience Description
Info

= Target Audience Descriptions

File Edt Bookmark Optioh: Help

Enntentsl ﬁearchl Back I Frint |

230G TAD ﬂ B
SECTION B: DESCRIPTIVE INFORMATION (SOURCE AR 611-201, Jun 91)

1. Rescind date:

2. Education: HG i Or gO tO DA PAM 61 1 '21 at:

3. Security Clearance: T http://www.army.mil/usapa/epubs/611_Series_Collection_1.html

4. Physical Qualifications:

a. PULHES Profile: 22221
b. MEFSCAT Rating: HE
c. Wision Requirements: MNC

5. Skills and knowledge Trained:

Skill Lewel Tasks

10 Inspects equipment by sight and touch far faults,
completeness, and serviceability.

10 Test operates systems with diagnostic programs and built-in

test equipment (BITE) to determine operational condition and
location of fault.

10 Troubleshoots using test, measurement, and diagnostic
equipment (TMDE) to determine cause, location, and extent of

equiprnent faults when built-in test equiprment (BITE) fails to
detect failures.

J@Practical

10 Diagnoses and isolates module malfunctions using assigned EXGI'CISG

Frmt A v s + o, Al Him o e 4 FThAMCEY




Stressors & Performance Shaping
Functions




&/ ™ Modeling Human Performance

¢ Discrete event task networks

¢ Performance measures
— Time
— Accuracy

+ Factors affecting human
performance

— Personnel characteristics
— Sustainment training
— Environmental stressors

<« Define Mission

personnel characteristics

Evaluate
performance
under
different
conditions

=
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Applying PTS* Options

* Personnel, Training, Stressors

¢ For VACP missions only

¢ Apply stressors by individual task

¢ Or for all tasks for an MOS or crew position
¢ Tasks must be described via "taxons"

106



Soldier Performance
Shaping Functions

¢ Used Project A database - ARI

¢

* & o o

1985 data

9,500 soldiers total

9 different military occupational specialties
full data set on 9-MOS sample = 5,000 soldiers
updated in 1997 with longitudinal data

11B-Infantryman
13B-Cannon Crewman
19E-Tank Crewman
31C-Radio Teletype Op
63B-Veh & Gen. Mech Spc.

71L-Admin Spec
91A-Med Care Spec

88M-Motor Transport
Operator

95B-Military Police)

¢ Derived algorithms describing relationship of MOS
personnel characteristics and training frequency &
recency with task performance by task type

¢ Provided "what if" options in IMPRINT

107



Sustainment Training

¢ Characterized by frequency & recency

¢ Users specify frequency & recency
Once a week or more

Less thavn twice a year
¢ Can be applied task-by-task or all tasks

108



IMPRINT Stressors

[1 Mission-oriented protective posture gear
[1 Heat & humidity

[1 Cold & wind speed

[1 Noise

[1 Sleepless hours

When applied to tasks -
» Less accurate task performance

» Or increased task time
» Or both

Not all tasks are affected in the same way or by the
same stressor

109



7. B ;_."
=" G
Inrprovof IR S
Performitige Y
Reseurcii e ey
Trtegra ! SRS y A
1 y | s |
:
—
:

Assign Taxons

¢ Under “Define Mission” Task Data
+ Describe composition of the task

¢ Use to calculate impact of personnel
characteristics, stressors and training

+ Nine categories
¢ Choose <=3 and assign weightings

Can automatically convert VACP workload
ratings into taxon assignments

110



Taxons

Visual Recognition/Discrimination

Numerical Analysis

Information Processing/Problem Solving

Fine Motor Discrete S—
Flne Motor Contlnuous 1D: |:| Mame: |Discuss R%5 plan with other crew members |

® & 6 6 O ¢ O o o

. Perceptual:
G rOSS MOtor ng ht * YWisual Recognition / Dizcrimination |:|
Gross Motor Heavy S e A
umerical Analpsis

Comm un ICatlon - Oral  Information Processzing / Problem Solving

Motor: M’
Communlcatlon - * Fine Motor - Dizcrete Hext > |
Read & Write 3 o Mot gt

+ Gross Motor - Heavy

Communication:
=+ Dral V Ok I

+ Reading and Writing
| Total Weight = ||lll]l] |

\Timt: &A[:[:>\Eﬁt: cts >\Failu rf:>\Wu rkluad>\C rew Assgn.)@axu n / ? RER




Impact of Stressors

by Task Type

Taxon MOPP | Heat | Cold | Noise | Sleepless Hours
Visual T A T

Numerical A TA
Cognitive A TA

Fine Motor Discrete T A T

Fine Motor Continuous

Gross Motor Light T T

Gross Motor Heavy

Commo. (Read & Write) A

Commo. (Oral) T A A

T = affects task time, A = affects task accuracy, TA= affects both
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Applying Stressors

Stressor Measures
Heat == Temperature & Humidity
Cold - Temperature & Wind speed
Noise == Distance & Noise level (dbs)
MOPP == Level (0 -4)
e

Sleepless Hours Hours since last slept

113



m Environmental Stressors
Screen

U

FJIMPRINT v2 8.7 - Analpsis: System Version: 1.0
Eile  Edi

Define Optiohz Execute  Beportz  Adjust Window Help

s E R

;
gl Azzign Stressors | H
MOS and Job: 0
=]
|1EIK Tank Commander j| =
Mizzion:
|Ta-::ti-::a| March from Ass"y Area to Ops Alea| Cold Heat f
Function: Temperature: Temperature: |
[l | 32-15 =] N/& ~| |+ Fahrenheit —!
Tasks: Wind [knots): Humidity (X): > (Bl [d]
Al | 1n-20 7] N7A = e
MHoize MOPP Level IL‘
/ ok iad
Feet 4 j
. Xowes -
Decibels: Sleeplezs Hours s
60 - 70 48-71 7 ? Help
25 - 47 -
¥2-95 |
96+ il

SR start| @ Microsoft Office 5. | @B IMPRINT w257 - | BB DIRECTOR |[ 35 anaLoot | 11:448M




Development of MOPP
Degradation Factors

U.S.Army
Ballistics Research Lab

—MOPP 0 = No effect —Cognitive degradation?

—Accuracy degradation?
—MOPP 4 =Up to 1.7 X as long —Work rate parameter?



Development of Heat
Degradation Factors _

¢ Heat degradation factors in IMPRINT derived
from studies relating heat stress to inaccurate

~ Pperformance

_ » Bioastronautics Data Book, 1981

= » Parker, 1973

» MIL-HDBK-759A /
[ ]

[1 heat & humidity

U — Additional parameters (work rate, clothing,
etc.)?

=-> errors




Development of Cold
Degradation Factors

C="IINNNITI

¢ Cold degrades task time as a function of

ambient temperature and wind velocity

— Derived from Teichner (1958) relating wind chill to
% performance loss

» One for visual reaction time &
fine motor discrete

» Another for gross motor light

-> time

— Assumes bare sKkin

— Assumes linear degradation
across decreasing temperatures

[ |
[ cold & wind speed




Development of Noise
Degradation Factors

¢ Noise degrades task accuracy as a
function of noise level & speaker-listener

d_iS[i:\(,:eed from Human a’ ”)))) @

Engineering Design Criteri
MIL-STD-1472C

— Need to consider communication frequency &
voice level



Development of Sleepless

Hours Degradation Factors

¢ Hours since last sleep degrades
time & accuracy

— Derived from a review of several studies

— Cognitive performance is more sensitive to
degradation than physical strength and

endurance tasks
— Decline in performance is roughly 25% @

for every 24 hours of operation

— Need degradation for non-cognitive work



"™  Stressor Update in Process...

¢

¢

¢

¢

¢

¢

Hours since last sleep
— IMPRINT too optimistic! Impact at < 24 hours
— Does affect all taxons

Circadian rhythm
— Important stressor including interaction w/ sleep loss
— Need time of day interface

Nuclear, biological, & chemical
— Exposure effects, type & time; need to map to IMPRINT taxons

Vibration
— Dimensions of vibration

Noise
— Does affect cognitive tasks

Some empty cells in IMPRINT matrix are OK



Combining Stressors

‘! Power Function

Where:
DF; = Total degradation factor

DF, = The it degradation factor when
when ordered from largest to smallest

n = Number of degradation factors
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Applying All PTS Options

¢ First apply Personnel Characteristics
¢ Then apply Training Frequency

¢ Apply Stressors last

122



Running the Model with PTS
Options

¢ Run baseline model first

¢ Apply PT and/or S

¢ Review effects by task

¢ Re-run model with Adjustments selected
¢ Com pare Outputs Execute Operations Model

Mizzion: |Eum:|uc:t Air Defense Operations | Bun Model
W i t h b a S e I i n e Mumber of imes to run the miszion: |1|]|] |
Random Humber Seed: |EIEIEIEI |

__ | Animation

| Adjustments

| Perfect Accurac Y

‘/Ej Practical
Exercise




Define Equipment

/ B




. | Define Equipment Process

‘fj//pm T

Equipment m FEFOlE
UH-60A Utility :
H Scenario 1
A Subsystems
H({ Engine Scenario 2
g E: Components
c| R{ a; Scenario 3
H Fl F Action
M A |

Inspect
El Remove & Replace REPORTS

Adjust w
Repair =
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System-to-Task
Decomposition

System ¢

UH- 60A Utlllty Helo
AH-€C
Heli Sub-systems

OH Engine
Heli{ Fuel ¢
CH4| powe

Heli(u Roto c c
M6 : Air Filter

Tasks

Remove & Replace

Adjust
Repair...

For the system
being modeled,
identify
-2>Sub-systems
->Components

->Tasks which
are either
corrective or
preventive
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Maintenance Task Data

+ Mean operational unit
between failure (i.e.,
maintenance actions

+ Mean time to repair
+ Soldier job specialty
¢ How many of what : ’

skill level

+ Organizational level
+ Mission criticality Dre leve P(co

127



Scenario Elements

¢ System Operational Profile

¢ Maintenance Crew

— Number & types of people available to do
the maintenance on each shift

¢ Travel Time

— Amount of time to get system to the people
(or people to the system) on the battlefield

¢ Repair Parts

— Likelihood a part is available
— Average wait time, if not available
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Operational Profile Data Iltems
for Every Segment

¢ Consumables (i.e.,

Usage) data J
¢ Time & systems
data \

¢ Combat data

‘ Start time & day
Duration

Probability of hit

Priority
Max and min # systems needed
Number of systems per mission

Probability of kill
Replacement time
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Stochastic Maintenance Model

Send systems on missions as defined by scenario
Simulate need for maintenance

Systems Ready
for Next Mission

130




Maintenance Model Reports

Detailed & Summary Measures

¢ Maintenance manhours e Achieved operational
by: availability & readiness
— task, component, & sub- Maintenance to
system | operational hours ratio
- f;:;;}etgzgi(icorrecuve High driver s_u.bsy.stems
_ organizational level Personnel utilization
— soldier job specialty Logistics downtime
Combat damage

¢

® ¢ 6 O o

J@Practical

Exercise
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Define Fuel Supply

¢ Select a scenario created under Define
E q U | p me nt Define Fuel Supply =

Scenarnio Mame: Ten Dayz of Mizzions j|

Tranzporter Mame: |Fuel Truck |

Capacity [gallonsz]:
Ok
MOS #1: Mumber of MOS #1: [T | Z
MOS #2: Number of MOS #2: [0 | Hcance
‘ E n te r Maximum Number of Daily Trips: ? Help

— Transporter name

— Capacity of transporter in gallons
— Manpower required

— Maximum number of trips per day
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S Define Ammunition Supply

¢ Select scenario created under Define
Equipment === :

T - ? Help

¢ For each weapon system enter
— Transporter name
— Capacity of transporter in rounds
— Manpower required
— Maximum number of trips per day




Supply and Support Report

Supply Resulis
April 7, 2000

Svstem M1 ABEAMS
Scenanic 0 Ten Days of Miszions

nuhsysiem Total# Trips Meeded
1.55
1.55

111.60

Transporter

armament Lommo Track

fire control f drwves
Fuel

Lommo Track

Fuel Truck

%Practical
Exercise




Define Force Structure
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Define Force Structure

+ Estimates of total "system driven”
manpower

¢ Maintenance manpower based on
Define Equipment

¢ Operator manpower based on crew size
¢ Development of a phasing schedule
+ Adjustments for op tempo and MMHSs
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System-Driven Manpower

Operators
Maintainers
Fuel handlers
Transportation personnel
Institutional training personne
Ammo handlers
Supply personnel

r>-0 -

IAmMSOUTVZ>=
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Maintenance Manpower

Specify unit type & size (e.g., tank
battalion) in maintenance model

Specify number

of systems in unit

Specify scenario
N/

Run model
MAINTAINER
-
( MANPOWER




Operator Manpower

Determine crew size in define mission

OPERATOR

MANPOWER

Specify crew ratio

140



Adjustments

¢ Adjust op tempo by major unit
¢ Adjust MMHSs by maintenance level & unit

141



Reports

¢ Manpower Estimate

¢ Force Structure

¢ Manpower Requirements by Year
+ Manpower Requirements by Unit

[/PR// T

REPORTS

l 142




Other Features & Support...
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Import and Export

¢ To other IMPRINT users...

— Use Import Analysis and Export Analysis
» Analysis must be closed

¢ To Wincrew users...

— Use Import Advanced Mission and Export
Advanced Mission
» Analysis must be open

¢ To Micro Saint users...

— Under Options, use Micro Saint Send
Model and Micro Saint Retrieve Results
» Analysis must be open 4



LSA Import for
Define Equipment i

M 7 Subsystems
| 750-16
02 Report
L | 1388 2A
S '\> Components
\/ °
T
01 Report
D | 1388-2B
Formats Maintenance
Task Data
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=

¥  Mapping Workload to Taxons

Mental Workload Ratings

Taxons

Visual 1.0, 3.7, 4.0, 5.0, 5.4, 7.0

Visual (Pattern Recognition-Discrimination)

Cognitive 7.0

Numerical

Cognitive 1.0, 1.2, 3.7, 4.6, 5.3, 6.8

Information Processing

Psychomotor 2.2, 4.6, 5.8, 7.0

Fine Motor Discrete

Psychomotor 2.6

Fine Motor Continuous

Gross Motor Light

Gross Motor Heavy

Auditory 4.9, 6.6, 7.0
Psychomotor 1.0

Communications (Oral)

Visual 5.9
Psychomotor 6.5

Communications (Read & Write)

Auditory 1.0, 2.0, 4.2, 4.3

*Note that none of the VACP workload scores map into either GML or
GMH taxons because workload channels are primarily mental
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More Features...

¢ On-line help &
documentation

¢ Move reports to Word, Excel,

% Task Performance Summary S Igl glwlxllﬁlﬁlﬁllﬁlﬁﬂ
etC_ [« 10f1 BEDEINES <] Tota1s 1m0z 190413 4l

=
2|
&

& (F

Task Performance Report

Drecernber <4, 1995

Function Name | Task Name Mean Time |Variance |5td Deviation | Sum of X | Sum of X2 | # Times Sue- Ig
E xecuie cess
Fendew new intel | START 0.00 000 0.oo (K|l Choose Export File EH
Eemrdew newr intel | Check pamarmeters 0.00 o.oo o.oo 0.00 _
Feview new intel | Bval impact point 0.00 o.00 0.0 gog | File name: Folders:
Teview tevw Mtel | SeTEoT Warning Ipt. T.00 a0 o0 Too| |[EEITEEE e:\imprint3
Decide & mtelliger | STAET 000 000 000 000 | [s3mantkp.ls = =T = ﬂl
Drecide if jpt~1limes LT Tk Toaasd 1 (W xTu) 00 000 0.0 | leklahI.xIS @ implinl3 Nelwork
[s=rraerged Export E3 | 1 deme 4|_
| Compare 1 . oo L1 docume™1
Decide if i | Format: | 1] 4 q [ ooo (] marc
Dreterraine 0.00 21 taam =
[Detemmne. | | Excel 4.0 XLS) - Cancel | 28
g:::ﬁ Destination: ggg Save file as type: Drives: _
_ - - IExceI 4.0 [=.xls] I =) e: drive e
Decide I » | Disk file j| 0.00
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Documentation &
Analysis Support

‘B On-line help

Loaded in ‘imprint/documentation’ directory

Analysis Guide

» goal statement
» results

User's Manual

» definitions, glossary

» error list and types
(e.g., msaint, Windows)

» bounds/limits/mental model
» data needs

» duplicate on-line help
» data sources
» taxon / stressor effects
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Getting the Software

Who
0 Any government agency
0 Private industry with government contract
0 Foreign government (case-by-case)

How
1 Send request via e-mail or letter
0 If private industry include government contract
number and organization

Non-Distribution Form
0 Keep track of users
1 Reminder not to distribute

Software Distribution
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Technical Support

ARL-HRED

0 Mr. John Lockett (jlockett@arl.army.mil)
Phone - (410) 278-5875

0 Ms. Celine Richer (cricher@arl. army. mil)
Phone - (410) 278-5883

0 Ms. Diane Mitchell (diane@arl. army. mil)
Phone - (410) 278-5878

0 Ms. Jody Wojciechowski (jgw@arl.army.mil)
Phone - (410) 278-8830

0 Ms. Charneta Samms MA&D
Phone - 410-278- 5877

Maintain Database
0 User comments

0 “Bugs”

0 “Fixes”
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Using the List Server

List of current IMPRINT users & interested
parties

Send suggestions, comments, general
iInformation or questions regarding IMPRINT to

imprint@shred.arl.army.mil
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Future Capabilities!
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E /™ Version 6 Capabilities

¢ Goal orientation
— Option from VACP
— Beginning & Ending Effects
— Variable Catalog
— Macros (User-Defined Functions)
— Snapshots

¢ COM capabilities
— Including HLA Middleware

¢ Access to tag
¢ Check syntax
+ Better memory management
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Version 6

VACP
Beginning/Ending
Release Conditions

Miszion Descrij iption:
Conduct a tactical march [ Tom an assembl_v a to an operations area, ﬂ Functi Task
20 km away. Itis tered during the unctionz + Tasl sI .
mizsion and that the ta kmodlldsmgman Varlable atalog
Crew
=
Time Standard: [02:50:00.00
Time Criterion:  Mission must meet time standard g5 00 | % of the time. Xte rn a Ve n ts
Accuracy Criterion: isgion must complete without abort (8500 | X of the time.

M
Mizzion Criterion. ;.

1on must meet ime standard and plete without abort G i
- oal Functions
% of the time. V o
Thiz Mizsion uses: B
% VACP Workload Analysis xl:ancel I n te rru ptS
+| Goal Orientation
» Advanced Workload Analysis ? Help

® & 6 6 6 ¢ o o

Advanced Fail Effects

VACP-Advanced “Mutation”
Will work on existing models BUT
multiple decisions don’t automatically rejoin! 154



Task Network Model Development

Select

0: START 1: Monitor 2: Monitor T5D 3: Monitor A/C
Instruments
L M>_—%

2: Assess
Performance

1: Determine
Actions

1= Micro Saint with COM Services - [cart.mod : Network 0 cart] B EJ@I @ E HEE

|-§ Eile Edit Search Display Execute Actionview Anslyze Opfions Window Help =
| @]l Sl Elleds] ¥ |- 2|
o5 ol Ol B i) <] g2 | - |iilm 0| 72 @

R e B Al A0: 1| T2 S8
Select _Miwk | Task |Gueue] Path | Unda | Start | Text | Mear| Far | Down|GaTol Up teste Iioie |Uispes Axis ptds| TENE

Il

ITetworle O cart

4: Monitor Audio

L]

Evade trigger
arzer
Z 5 T
Mavigate Tdonitor ¥ check
Functicn h}’lggers )
E] 5550 5
Acquire goalstat] Andio
Functicn

:
Arrack Zoalstar2 @‘

*Independent networks for each goal

*Variables are still global
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Innovations

¢ Trigger identification

¢ Trigger communication

¢ Task interruption

¢ Task restart vs. task resume

Network Computer Interface
¢ HLA-Compliant Protocol
Network
nnnnnnnnnnnnnnnnnnnnnnnnnn ‘
VDK
= L
> == 156




Mizzion [Fly Reconnaissance

1 threat_present==THUE % mizzion_time_left £ 14.5; Evade
2 target_present==TRUE & evade status == FALSE] Attack

N

Triggering conditions

(from external
simulations)

Descrnption of Selected Goal:

Help

pirls) I“
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(>oal Actions

Mizzion

Fly Heconnaissance

Goal

Mizzion Bunnina Cul| Evade Bunmina Curr | Attack Bunnina Cun
Interrupt

Interrupt

\

Action matrix — to define

goal interactions

VDK

Cancel

Help

Lkt
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g ™ Goal Rules

¢ When a trigger comes true:

— Look UP the matrix to see if a higher priority goal would
suspend or haltit. If so, don't start it, but keep trying. If
not:

— Look DOWN the matrix and implement the actions for all
lower priority goals
¢ When a goal ends normally, gets halted or gets
suspended:

— Resume anything it suspended UNLESS a higher priority
goal would haltit. If so, haltit. If a higher priority goal
would suspend it, then suspend it.
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Variables of Interest

¢ curgolstatus[goalid], curtskstatus[taskid]

— 1=running, 2=suspended, 3=halted,
4=ended

¢ goalparent[taskid]

¢ action[goalid, goalid]

— 0=nothing, 1=interrupt, 2=halt, 3=start
¢ mission has a goalid of 0
¢ task() is Micro Saint task number
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System Architecture

IVPRINT s

Network Computer Interface
iHLA Compliant Protocol

Network
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s /™ News of Note

¢ AF Validation Success Story

— Wright Pat SIMAF Virtual Strike Warfare
Environment

— Time critical targeting (SCUD Hunt) mission

— HPM vs. Eight pilots (F16 and A10)

— overall kills of ground targets in the time critical
scenario was virtually the same for both the model
and pilots (100% and 98%, respectively)

— HPM accounted for 61 percent of the behavior of
the pilots in the simulation environment

— New tactic discovered: Coordinated use of
synthetic aperture radar (SAR) and targeting
infrared (TIR) imaging system
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Wrap-Up Discussion
& Thanks for Coming!
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